early clinical trials and from there, the phase III study. Oncology drug development in phase I studies is not meant to look at efficacy. These studies are meant to look at safety. Furthermore, the phase III study looked at durable response rate as its primary endpoint, not response rate. I think that the paper should state that there was successful development of TVEC despite the difficulties in apply preclinical models.
The purpose of the paper was to use the drug development of talimogene laherparepvec (TVEC) as a successful model of preclinical translation to clinical approval of a product. To achieve this goal, the authors performed extensive literature review including all of the clinical and pre-clinical studies of TVEC for treatment of any malignancy. Ex vivo, in vitro and duplicate studies were excluded. The data were extracted independently using a standardized dating extraction form. The clinical studies were collected by patient characteristics. Risk of bias was assessed. Construct validity, the concept of how much a preclinical experience corresponds to a clinical entity was assessed.
A total of 8,852 references were identified and 7,890 references were excluded. Clinical studies were published between 2006 and 2016. Sample sizes ranged from 17 to 295. Pre-clinical studies reported a complete response rate up to 100% for injected tumors and 80% for contralateral tumors. A phase I study reported a complete response rate of 0%. Phase I/II studies in melanoma showed a complete response of 20 to 22% (1,2). The phase III OPTiM trial showed a complete response rate of 10.8% (3) .
The authors attempted to assess safety however; they were unable to obtain patient level data from the studies.
They found that all pre-clinical studies had high risk of construct validity. The preclinical models had a high risk of bias.
For clinical trials, the early phase trials had high or unclear risk of bias. The phase III OPTiM study had the lowest risk of bias.
The authors concluded that they were unable to answer their main question, which was to show a successful road map of preclinical to clinical development using TVEC as a model. Showing a road map of drug development is an important topic and I appreciate the authors tackling the project but I think they have made a major flaw. I am not an expert in the area of drug development but I do have a lot of expertise in oncology, melanoma, and the product that was assessed in this report. The major flaw in the study was their conclusion that translation from pre-clinical to clinical showed a detriment in the advocacy of the product. That is not true. The major endpoint of the OPTiM trial was durable response for greater than or equal to six months. Subjects with such a response had their data independently reviewed (3). OPTiM met this endpoint and The authors also state that as trials moved from preclinical to phase I there was a disconnect. Phase I studies are done on patients who are generally unable to obtain standard of care treatments and the response rates are not the goal of a phase 1 study. The goal of these studies is safety. Response is not a goal of these studies. It is erroneous to expect to see a good result from them.
Another flaw in this report is the paragraph under safety of treatment. I don't think it would be possible to get patient level data for a report like this but on this point, I am not certain as I do not do studies like this one. Side effects are included in the literature, including in the OPTiM study (3) .
I have several questions about the study. Under results, they stated 8,852 records (I think they meant references) were screened and 7890 references were excluded. I couldn't find in the text or in the figure why the references were excluded. I suppose this was because of duplicate studies, or studies that reported ex vivo or in vitro experiments but it would have been helpful to see why they Table 2 does not need the "B". In Supplemental Table 3 , the Andtbacka, OPTiM study, dose 2 is 3 weeks after the first dose. There is a typo in the abstract. It states that "the study aimed to conducted" and it should be "the study aimed to conduct"
In conclusion this was a well written study that was a lot of work for the authors. The goal of the study was to show the development of a product from pre-clinical to clinical work. The authors concluded that they were unable to paint a clear picture of how the evidence was used in preclinical studies to clinical findings. But, there is a major flaw in their report. They used response rate from preclinical to clinical to justify drug development. Phase I studies are not designed to look at response rate. The OPTiM phase III study that was used to approve TVEC had durable response, not response rate as its primary endpoint (3) . If the authors were to re-write the paper showing that there was successful development of TVEC despite the issues that they uncovered in the pre-clinical models, I
think that the report would be valid. They also need to include the purpose and methods of phase I, II, and III trials in their paper and show that this was a valid construct for TVEC. They could conclude that they have raised and important issue that research should continue to seek models that have a smooth transition from preclinical to clinical development but this work is likely to be very difficult given the vast difference of medications on humans versus animal models. 
REVIEWER
Alex Sverdlov Novartis, USA REVIEW RETURNED 17-Jun-2019
GENERAL COMMENTS
The manuscript presents a systematic review of the literature describing the development program (pre clinical and clinical studies) of an FDA-approved oncolytic virus therapy to treat advanced melanoma. The authors performed a systematic search of the published studies and found lack of a clear translational research roadmap in that early pre-clinical positive findings are frequently not reproducible in larger clinical trials.
I think this is an important case study demonstrating the need for better translational research and communication of the results. The methodology is scientifically sound and the conclusions are supported by the data. I found the manuscript well written and up to the point. A few minor comments for the authors' consideration:
• Safety analysis is missing -you may want to elaborate on why this was the case and how to improve reporting of safety in translational research.
• Figure 2 -please explain which method was used to produce 95% confidence intervals for the response rates.
• Objective of this study is clinically relevant. However, authors should address the following issues:
1. In Table 1 and 2, authors should describe the definition of "Risk of biases" in detail. Authors explained "Risk of biases" too briefly without references in the METHODS section.
We have now described the specific domains included in the risk of bias assessment as a footnote to Table 1. 2. In Table 3 ,4, and 5, authors should describe the definition of "Yes", "No", "High risk", "Low risk", and "Unclear" in detail.
This is the standard method of assessing risk of bias of clinical and preclinical studies in systematic reviews. It is difficult to write a simple definition for these as a whole chapter of the Cochrane Handbook is dedicated to defining risk of bias (Chapter 8) and the preclinical adaptation of this is elaborated on in a separate paper (SYRCLE risk of bias tool). We have referred to the Cochrane Handbook and the SYRCLE risk of bias tool for readers interested in learning more about systematic review methodology.
3. Authors mentioned the FDA and EMA reports too briefly without references in the DISCUSSION section. Authors should thoroughly described how the FDA and EMA evaluated the Amgen's filing dossier.
We have now provided references in the discussion for the two briefing documents. In relation to further discussion revolving around the handling of AMGEN's filing dossier, there is no preclinical evidence reported in the dossier regarding melanoma models, which was the focus of the discussion point presented. We feel describing the entire regulatory decision processes thoroughly within the manuscript to be unnecessary. 1. I appreciate the opportunity to review the manuscript BMJ open -2019-029475 "Diminishing returns along the road to translation: a systematic review T-VEC's preclinical to clinical development trajectory". This is a well written paper that represents a great deal of work. There was very interesting information on construct validity and bias. I am concerned about your conclusion that the drug development of TVEC was not a successful model. You tried to show that response rate in preclinical models was higher than in the early clinical trials and from there, the phase III study. Oncology drug development in phase I studies is not meant to look at efficacy. These studies are meant to look at safety. Furthermore, the phase III study looked at durable response rate as its primary endpoint, not response rate. I think that the paper should state that there was successful development of TVEC despite the difficulties in apply preclinical models.
We thank the reviewer for their positive comments. Based on your comments as well as the Editor's suggestion, we have now detailed the phases of drug development in the Introduction. "Although the process of clinical translation is complicated, the transition from bench-tobedside often starts with preclinical research. These investigations (usually on animals or cells), are aimed at studying efficacy, pharmacokinetics and dynamics, as well as detailing safety.(4)
Next, a drug is tested in a phase I clinical trial, which usually contains a small number of participants and is aimed at studying the safety of the drug. If a drug is safe, it may proceed to phase II which are larger than phase I studies and are designed to test safety, pharmacokinetics, pharmacodynamics, and optimal dosing regimens. They may also offer preliminary evidence of drug efficacy. Finally, a methodologically rigorous phase III study is performed. These studies are designed and powered to test efficacy in the patient population of interest (usually against a comparator such as placebo), as well as identify rarer adverse events which may have gone unnoticed in a smaller phase I or II study.(5)"
In addition, we have added the following to the discussion to clearly state the T-VEC.
"Although TVEC was successful in terms of gaining regulatory approval, its translational path is complicated, and the pieces of the evidence puzzle do not easily fit together. While we appreciate that translation is not a predictable linear process, it is difficult to learn from the example of TVEC given the available and reported pre-clinical and clinical evidence. We feel that the incongruence in terms of clinical conditions, and efficacy estimates speak to the difficulties of assessing and determining generalizable strategies for successful translation." 1. Safety analysis is missing -you may want to elaborate on why this was the case and how to improve reporting of safety in translational research.
We agree. Unfortunately, safety was very poorly and underreported between trials. Different categorization of AEs was used between trials, which rendered pooling of results impossible. Without the patient level data to ensure independence of events, a safety analysis may have provided false or misleading conclusions. For this reason, we had specifically asked Amgen for patient level data in order to conduct a safety analysis. Unfortunately, despite two meetings with their group responsible for T-VEC, they were unwilling to share the data.
As such, we have added the following additions have been made to the results section, and the discussion section.
"Studies did not specify what percent of adverse events were repeated adverse events from the same patient(s), used different criteria for recording and reporting adverse events, categorized them differently, etc. Therefore, we were unable to pool adverse events or interpret findings reliably."
"The reporting of harms in clinical trials remains an issue in the scientific community, and represents a roadblock to translational success. Some basic steps required to improve the reporting of safety in translational research include the development of standardized scales and instruments, instituting active rather than passive surveillance for toxicity, including detailed information on participant withdrawals due to toxicity, reporting the timing, frequency, and duration of clinically relevant events, and the the publication of raw data."
2. Figure 2 -please explain which method was used to produce 95% confidence intervals for the response rates.
A short statement has been added to the methods section.
In the authors' opinion, what should a successful translational roadmap look like? What key data should be documented and reported and at what points?
We have now added the following to address this important point:
"While we recognize that translation is not a linear process, we should observe consistent and coherent patterns. Moving forward, we suggest that preclinical and clinical studies for emerging therapies should be fully reported and attention should be given to validities in order to develop more precise estimates of effect early in development. You explain how studies were chosen and you have a nice figure to show this. I was surprised by how many trials were excluded. Since this is an area that I'm not an expert in, please add another sentence or two about why so many studies were excluded in your final analysis.
On page 11 line 48, you say the TVEC was administered "adjuvant" to chemotherapy. Can you clarify this? Was TVEC given after the chemotherapy? In oncology, the word adjuvant more commonly means, "given after surgery". You also use the word "chemotherapy" but in several trials the TVEC is combined with immunotherapy such pembrolizumab and ipilimumab. You could get around this difficulty by using "systemic therapy" rather than chemotherapy. For the supplemental table 4, please add that the squamous cell carcinoma (Harrington reference) is from "Squamous Cell Carcinoma of the Head and Neck". SCC of the head and neck is very different from SCC of the skin so adding these words will clarify this point.
In your discussion, please restate that you would hope to produce a roadmap of translation from pre-clinical to clinical and you used TVEC as an example. Please restate why other biologic agents were not chosen.
REVIEWER

Alex Sverdlov
Novartis, USA REVIEW RETURNED 06-Oct-2019
GENERAL COMMENTS
None.
VERSION 2 -AUTHOR RESPONSE
1. The overall emphasis of the manuscript, explaining that you are using this as a model of drug development was clear. I think it is important to state in the beginning, on page 4, that you chose TVEC as your model. Please explain why other models were not chosen. You have a sentence that says, "examine a few agents", but you do not state why other agents were not included.
Many resources have been dedicated to developing oncolytic virus (OV) therapy.
However, only one agent has been FDA approved. We therefore felt as though this was a perfect avenue to explore. We have recently published a study summarizing the large number of OVs that have been tested preclinically (Fergusson et al, Mol Ther Oncolytics, 2019, PMID: 31276026). A statement has now been added to the introduction "TVEC was chosen as a model due to the fact that it is the only approved oncolytic virus therapy to date, despite the multitude of agents under investigation".
2. Your primary and point for advocacy is complete response. You do state that secondary endpoints were survival, response rate, time to treatment failure, and disease stability. The FDA approved TVEC based on the registry trial, OPTIM. The endpoint was six-month durability of response. You should state this.
A short statement has been added to the methods section recognizing this limitation "We acknowledge the limitation of this approach, given the FDA approved TVEC based on the OPTIM trial,(13) the primary endpoint of which was durable response rate." We recognize that this is an important outcome. However, not many of our included studies reported on this outcome. Therefore, in order to be able aggregate data across studies we used the outcome of complete response, which was more consistently reported across included studies.
